A new chiral 4,5-dihydroimidazole enaminoester (a heterocyclic 1,1-enediamine) has been prepared as a potential precursor to piperidines, via 2,4,5-triphenyl-4,5-dihydroimidazole prepared from benzaldehyde and ammonia.
Introduction
We have reported the application of enaminoester 1 (Figure 1 ), a 1,1-enediamine, 1 in Michael additions with α,β-unsaturated ketones. 2 The conjugate addition products undergo a reductive cyclisation-elimination to afford tetrahydropyridines, which can be elaborated to piperidines (Scheme 1). 3 In an effort to apply this route to optically active piperidines, we required a chiral enaminoester. We have reported elsewhere on the synthesis and reactions of the 4-phenyl derivative 2 in piperidine sytnthesis, 4 and herein describe the rapid preparation and preliminary application of an alternative, the 4,5-diphenyl compound 3 from the d,l-diamine 4, itself easily prepared from benzaldehyde. 
Results and Discussion
Synthesis of the required d,l-diamine 4 was accomplished according to Scheme 2. Treatment of benzaldehyde with a large excess of liquid ammonia for 16 h gave the bis-imine 5 in good yield (68% after recrystallisation). 5, 6 This imine was originally wrongly ascribed the simple benzaldehyde imine structure. 7 Thermal rearrangement in benzene (sealed tube, 130 °C, 5h) afforded 2,4,5-triphenyl-2,5-dihydroimidazole 6 in 71% yield after recrystallisation. Isomerisation in base (NaOH, H 2 O-diethylene glycol, 150 °C, 45 min) led efficiently to the 4,5-dihydroimidazole 7 as a single diastereoisomer (81%), assigned as anti, based on its hydrolysis to a d,l-diamine. To prepare the mono-N-benzyl diamine 4 that we required, we initially attempted Nbenzylation of the dihydroimidazole 7 by our reported protocol 8 (BuLi, THF, 0 °C; then PhCH 2 Br) as a prelude to complete hydrolysis, but only recovered unchanged starting material. Presumably the N-atom in 7 is too sterically hindered; a control experiment with 2-phenyl-4,5-dihydroimidazole successfully afforded 1-benzyl-2-phenyl-4,5-dihydroimidazole 8 in 72% yield under the same conditions ( Figure 2) . As an alternative, we recognised that the elements of the N-benzyl substituent were already present in 7 and could be revealed by complete reduction of the amidine. We have thus shown that chiral 4,5-diphenyl heterocyclic enediamine 3 can be readily prepared, and have shown its potential in piperidine assembly. Resolution of the diamine 4, as has been accomplished for the bis-primary amine, 5,14 would allow both optically active enantiomers of enaminoester 3 to be accessed. This area awaits further development.
Experimental Section
General Procedures. Melting points were determined using a Kofler hot stage apparatus and are uncorrected. Infrared spectra were recorded on a Pye-Unicam SP3-100 or a Philips PU9706 spectrometer in chloroform unless otherwise stated. Nuclear magnetic resonance (NMR) spectra were recorded using the following instruments: 1 H spectra at 250 MHz on a Bruker WM250 PFT or at 400 MHz on a Bruker AM400 PFT; 13 C spectra on a Bruker FX90 at 22.5 MHz, a Bruker WM250 PFT at 62.5 MHz, or a Bruker AM400 PFT at 100 MHz and multiplicites were determined using DEPT sequences. NMR Spectra were recorded for solutions in deuteriochloroform with tetramethylsilane as an internal standard unless otherwise stated. Chemical shifts are reported in parts per million (ppm) with the following abbreviations: ssinglet, d -doublet, t -triplet, q -quartet and br -broad; coupling constants (J) are quoted in Hz. Mass spectra were recorded on AEI MS902 or VG 7070E spectrometers using electron impact as the ionisation technique. Microanalytical data were obtained using a Perkin-Elmer 240B elemental analyser. Solvents were distilled prior to use; methanol was dried over magnesium turnings, diethyl ether over sodium, tetrahydrofurn distilled from potassium and acetonitrile from phosphorus pentoxide. Column chromatography was carried out at medium pressure using Merck Kieselgel 60 silica Art. 7729; flash column chromatography refers to chromatography on Merck silica Art. 9328. Thin layer chromatography (tlc) was carried out using silica G plates F254 (Merck 5554). Solvent extracts were dried (MgSO 4 ) for 10-30 min. before filtration and the removal of the solvent on a Büchi rotary evaporator. ; all data were identical to material prepared using method A.
Benzaldehyde di(benzylimine)aminal (5).

1-Benzyl-2-(ethoxycarbonylmethylene)-4,5-diphenyl-2,3,4,5-tetrahydroimidazole (3).
To Nbenzyl-1,2-diphenyl-1,2-diaminoethane 4 (0.36 g, 1.2 mmol) in dry ethanol (25 cm 3 ) was added ethyl 2-(ethoxycarbonyl)acetimidate hydrochloride (0.23 g, 1.2 mmol) and the mixture was heated at reflux for 2.5 h. The solvent was removed under reduced pressure and the residue was partitioned between aqueous sodium bicarbonate (15 ml) and dichloromethane (15 ml). The aqueous phase was further extracted with dichloromethane, the extracts dried, and the residual oil purified by column chromatography (CH 
